I. Introduction
Since the advent of highly active antiretroviral therapy (ART) 1 in 1996, morbidity and mortality due to HIV/AIDS have declined substantially in industrialized countries. In developing nations, access to ART is growing but still limited. In sub-Saharan Africa, the region most heavily affected by HIV/AIDS, the number of HIV-positive people receiving treatment has risen substantially, from 100,000 in 2003 to almost 4 million by the end of 2009 ( World Health Organization 2010) . Despite this progress, only 37% of the people in need of treatment were able to access it. Since public provision of treatment remains the primary channel through which people in developing countries can access ART, an expansion in donor support remains critical in order to achieve the international community's goal of universal access to HIV treatment for all who need it.
Greater support for the scale-up of treatment programs has been lacking for a number of reasons. These include skepticism that ART may not generate health and economic benefits that are sizable enough to offset its costs and a related debate about how best to allocate scarce resources in developing counFinancial support for this project was received from the Economic and Social Research Council (United Kingdom), Pfizer, the World Bank, Yale University's Center for Interdisciplinary Research on AIDS through a grant from the National Institute of Mental Health to Michael Merson (no. P30MH 62294), the National Institute for Child Health and Human Development (no. K01HD061605), and the Social Science Research Council. Markus Goldstein and Mabel Nangami were key collaborators on the survey implementation. We thank Richard Akresh and T. Paul Schultz for comments. All errors and opinions are our own. 1 In this article, we use the terms "ART" and "treatment" to refer to highly active antiretroviral therapy (HAART), which was introduced in 1996. HAART always consists of three antiretroviral medications. Treatment for most patients begins with a first-line regimen, but this is usually altered over time. Generic medications that combine three medications in one pill (such as Triomune) have recently become available.
tries (see, e.g., Canning 2006) . Since treatment, once initiated, must be taken for the entire duration of a person's life, there has also been concern about the wisdom and sustainability of current expenditures on ART. According to The Economist (2006) , people who begin receiving ART today will become tomorrow's "medical pensioners" whose treatment costs will become the responsibility of countries in which they live and organizations that support these countries. However, because evidence on the various nonhealth impacts of providing ART has been slow to emerge, it has been difficult to properly evaluate treatment programs and assess whether expenditures on such programs may be justified on economic-and not just humanitarian-grounds.
The health improvements due to ART have the potential to significantly raise economic well-being, as suggested by a growing literature that shows linkages between health and economic outcomes in developing countries. In an important contribution, Schultz and Tansel (1997) use data from Côte d'Ivoire and Ghana and report a sizable causal effect of morbidity, as measured by the number of self-reported days of disability, on wages. The paper deals with several key challenges that arise in the estimation of such a relationship: particularly, how to measure adult morbidity in household surveys and how to overcome the endogeneity problem that stems from the possibility that higher income can be used to improve health. Among several other papers, Schultz and Tansel (1997) as well as a broader review in Schultz (1999) provide valuable guidance for more recent work on the economic impacts of HIV/AIDS and interventions such as ART.
Whether the findings in Schultz and Tansel (1997) and related papers apply to the aspects of health that are typically associated with HIV/AIDS-such as severe and prolonged periods of morbidity-is a question that has begun to be studied as survey data sets with measures of HIV status and disease staging have emerged. Fox et al. (2004) analyze retrospective longitudinal data from a Kenyan tea estate where ART was not available and find significant declines in the labor productivity of HIV-positive workers prior to their death or medical retirement. The declines in labor productivity were evident as the symptoms of HIV infection began to appear, up to 2 years prior to death.
The impacts on labor supply and productivity that take place as health improves as a result of ART have been estimated by more recent longitudinal studies in Africa (Larson et al. 2008; Thirumurthy, Graff Zivin, and Goldstein 2008; Habyarimana, Mbakile, and Pop-Eleches 2010; Thirumurthy et al. 2011) . While the settings of these studies have varied, a common result has been that ART leads to a large and rapid restoration of labor supply. Thirumurthy et al. (2008) focus on the first 12 months of ART and find a large response in both health and employment outcomes in rural Kenya, where households are largely engaged in subsistence agriculture. Larson et al. (2008) find that after 12 months on ART, workers at a tea plantation in Kenya worked at least twice as many days in the month as they would have in the absence of ART. Habyarimana et al. (2010) find that subsequent to ART initiation, there is a rapid decrease in absenteeism rates at a mining company in Botswana. In the period from 2 to 4 years after ART initiation, treated workers maintain low absenteeism rates that are similar to those of other mining workers at the same company.
This article builds on previous research in Kenya to examine how ART affects the labor supply of treated patients over a period spanning the first 3 years of treatment. The results presented here are among the only estimates of the long-term microeconomic impacts of ART in rural settings.
2 They are also noteworthy because they can be directly compared to objective measures of the health status of individuals, something that is often lacking in assessments of the economic impacts of ART.
There are several reasons why the long-term impacts of ART may not be as large as those found in the short term. While the evidence on the short-run labor market impacts of treatment has been impressive, toxicities associated with chronic exposure to ART in resource-limited settings where comorbidities are abundant (Hawkins et al. 2007; Firnhaber et al. 2010 ) may undermine early health benefits. Concerns about eroding health benefits due to reduced adherence to medications underscore this importance (Gill et al. 2005) .
We analyze three waves of a longitudinal household survey that was conducted at intervals of 6 months between the first two rounds and 18 months between the second and third rounds. As a result of variation in the duration of the time that patients were receiving ART at the time we enrolled them in our survey, we are able to estimate impacts of ART on labor supply for up to 36 months after the time of treatment initiation. To identify the response to treatment, we estimate individual fixed-effects regressions in which patients' labor force participation and hours worked are a function of the duration of time the patient has been receiving ART. Since treatment eligibility is defined by biological markers that are not easily influenced by the behavior of patients with late-stage HIV disease, treatment and the resulting changes in health can be viewed as plausibly exogenous.
We find that the provision of ART leads to a large and significant increase in the labor supply of treated patients. This increase occurs very soon after the initiation of ART and from then on is sustained at levels significantly higher than at the time of treatment initiation. Since the health status of treated adults has a nonlinear temporal response to treatment-it improves dramatically in the first months of treatment but more gradually thereafter-our labor supply results are quite similar to the pattern of the health response to ART. 3 We also find that attrition of treated patients is strongly associated with the initial health status of patients. Since health status at the time of treatment initiation is a strong predictor of patient survival (Wools-Kaloustian et al. 2006; Brinkhof et al. 2008) , attrition in our study appears to be consistent with the notion that at least some of the exit from our sample is being driven by mortality. General trends of earlier diagnosis and treatment of HIV in Africa should make attrition due to early mortality considerably less common in current treatment programs. As a result, our results based on patients retained in the treatment program should paint a reasonably accurate picture of the impacts of treatment as currently offered. That said, attrition from our sample can occur for a number of reasons other than early mortality, including labor migration and other factors positively correlated with employment opportunities, suggesting that the impacts of attrition on the magnitude of our estimated labor effects remain ambiguous. Nonetheless, we are comforted that, apart from gender (which appears to matter because female patients were more likely to enroll in the program initially), patient characteristics are not significantly related to the length of time retained in treatment.
II. Background on HIV/AIDS and Antiretroviral Therapy Soon after acquiring HIV, infected individuals typically enter a clinical latent period of many years during which health status declines gradually and few symptoms are experienced. Over time, almost all HIV-infected individuals will experience a weakening of the immune system and progress to developing AIDS. Median time from seroconversion to AIDS in eastern Africa is estimated to be 9.4 years (Morgan et al. 2002) . This later stage is very often associated with substantial weight loss (wasting) and opportunistic infections such as tuberculosis. In resource-poor settings, in the absence of treatment with ART, death usually occurs within 1 year after progression to AIDS. One study in Uganda reports a median survival time of 9.2 months (Morgan et al. 2002) and another study in Brazil reports a median survival time of 5.1 months (Chequer et al. 1992) . Opportunistic infections are generally the cause of death in AIDS cases.
The CD41 (cluster of differentiation) T cell count is an important indicator of disease progression among HIV-infected individuals. 4 According to definitions of the Centers for Disease Control and Prevention, infected individuals with a CD4 count below 200 cells per cubic millimeter are classified as having developed AIDS. It is at this stage that functional capacity deteriorates and ART should be initiated (World Health Organization 2002) . 5 ART has been proven to reduce the likelihood of opportunistic infections and prolong the life of HIV-infected individuals. After several months of treatment, patients can generally be asymptomatic and have improved functional capacity. Numerous studies in various countries and patient populations have reported positive results.
6 In Haiti, patients had weight gain and improved functional capacity within 1 year after the initiation of ART (Koenig, Leandre, and Farmer 2004) . In Brazil, median survival time after developing AIDS rose to 58 months with ART (Marins et al. 2003) . For the treatment program we collaborated with in Kenya, Wools-Kaloustian et al. (2006) have analyzed the CD4 counts and weights of all nonpregnant adult patients treated with ART. They find significant improvements in both outcomes, including a rapid increase in CD4 count during the first 6 weeks of ART followed by slower increases thereafter. 7 An additional finding that is pertinent for the long-term analysis in this article is that the CD4 count at the time of treatment initiation (baseline) is found to be a significant predictor of subsequent survival: the risk of death for patients with a baseline CD4 count below 100 cells per cubic millimeter is three times higher than for patients with a baseline CD4 count above 100 cells per cubic millimeter (Hogg et al. 2001; Wools-Kaloustian et al. 2006; Severe et al. 2010) .
The long-term retention of patients in treatment programs is an issue that has only recently begun to receive attention. Most studies, including the ones listed above, treat patient attrition as a side issue and focus solely on describing 4 Most uninfected individuals have a CD41 T cell count of 800-1,000 cells per cubic millimeter of blood. 5 These guidelines have been followed by many treatment programs in developing countries, including the program with which we collaborated. However, more recent World Health Organization (WHO) guidelines (issued after the period of data collection for this study) recommend earlier initiation of ART. 6 Since placebo-controlled randomized trials of ART are ethically infeasible, these studies are either observational cohort studies or randomized trials that compare regimens composed of different antiretroviral medications. 7 The reported gains in CD4 count are similar to those found by studies in Senegal and South Africa (Laurent et al. 2002; Coetzee et al. 2004). outcomes of those patients who are retained in care. As long-standing treatment programs have been established in the past 5 years, rates of attrition have been documented more carefully. Attrition from ART programs is generally divided into two categories. The two most common are (1) the death of the patient-several studies have reported high rates of early mortality-and (2) "loss to follow-up," a catchall category for patients who miss scheduled clinic visits or medication pickups for a specified period of time. A small minority of patients either remain in care but stop taking antiretroviral medications or transfer to other facilities and continue on ART.
In a systematic review, Rosen, Fox, and Gill (2007) have estimated that ART programs in Africa have retained about 60% of their patients at the end of 2 years, with loss to follow-up being the major cause of attrition, followed by death. However, retention rates have varied widely across programs. At the time that we conducted our study, clinics of the Academic Model Providing Access to Healthcare (AMPATH) were estimated to have a 9-month attrition rate of approximately 29% (Wools-Kaloustian et al. 2006) . In this article, the 1-, 2-, and 3-year impacts of ART on labor supply pertain to the cohorts of patients who are retained in care through the respective periods. Poor health at the time of treatment initiation appears to be among the most important predictors of attrition, as ART regimens are generally less effective when the immune system has become extremely weak and when opportunistic infections have developed (Brinkhof et al. 2008; Rosen and Fox 2011) . Section VI explores predictors of attrition and the potential implications for the interpretation of our results.
III. Sampling Strategy and Survey Data
The socioeconomic data used in this article come from three rounds of a longitudinal household survey we conducted in Kosirai Division, a rural region near the town of Eldoret, in western Kenya. The division has an area of 76 square miles and a population of 35,383 individuals living in 6,643 households (Central Bureau of Statistics 1999).
The largest health care provider in the survey area is the Mosoriot Rural Health Training Center, a government health center that offers primary care services. The health center also contains a clinic that provides free medical care (including ART) to HIV-positive patients. This rural HIV clinic (one of the first in sub-Saharan Africa) was opened in November 2001 by AMPATH.
8 Fol-lowing increased funding since late 2003, the Mosoriot HIV clinic has experienced rapid growth, with many patients coming from outside Kosirai Division. 9 During this period, adequate funding has been available to provide free ART to all patients sick enough (according to WHO treatment guidelines discussed in the next section) to require it.
We implemented three rounds of a comprehensive socioeconomic survey between March 2004 and September 2006, with an interval of roughly 6 months between rounds 1 and 2 and 18 months between rounds 2 and 3. The analysis in this article is based on two distinct groups of individuals. The first group comprises 222 patients who were included in the sample because they were HIV-positive AMPATH patients who were either receiving ART at the time of round 1 or began receiving ART shortly after their round 1 interview.
10
All nonpregnant AMPATH patients who enrolled in the Mosoriot HIV clinic before April 2004 and resided in Kosirai Division were considered eligible for our survey. To obtain a larger sample size, we also conducted in-clinic interviews with a random sample of nonpregnant AMPATH patients who entered the clinic before April but resided outside Kosirai Division and were too far away from the clinic to be visited at home.
11 The second group comprises 210 additional HIV-positive ART recipients who were enrolled in the survey toward the end of round 2. Almost all of these patients began receiving ART after round 1 had concluded, and they were enrolled in our study during round 2 in order to expand the sample size for future longitudinal surveys.
It should be noted that as a result of the above sampling strategy, the longitudinal survey contains up to three observations for individuals who were first surveyed in round 1 whereas there are only up to two observations for individuals who were first surveyed in round 2. Throughout the remainder of the article, we refer to treated patients as "ARTrecipients." When necessary, a distinc-9 For reasons including limited funding, AMPATH's clinic had very few patients during its first 2 years of operation. Early entrants to the HIV clinic had often progressed to AIDS at the time of their first visit. In contrast, later entrants are often in early stages of the disease and do not require ART. 10 We include in this sample two adults who were originally part of the random sample but enrolled in the AMPATH clinic and began receiving ART between rounds. The analysis in this article excludes the 60 individuals with HIV-positive AMPATH patients who were in the early stages of HIV disease and were not yet sick enough to require ART (according to WHO treatment guidelines). These untreated HIV-positive patients are excluded because they would not have experienced significant health changes during the survey period. The small sample size of these HIV households also limits our ability to use them as a control group in the data analysis. 11 Pregnant women were excluded from the sample because treatment was typically given to these women for the prevention of mother-to-child transmission of HIV, not because the women had become sick enough to require ART. tion is made between ARTrecipients enrolled in the study during round 1 and those enrolled during round 2.
Each round of the survey included questions about demographic characteristics, health, agriculture, income, and employment. Information on asset sales and purchases, child anthropometrics, school enrollment and attendance, and food consumption was also collected in each round. In the household visits, teams of male and female enumerators interviewed the household head and spouse as well as a youth in the household. For in-clinic interviews, all information was obtained from the AMPATH patient. Additional details can be found in Thirumurthy et al. (2008) .
The AMPATH medical records system, which contains longitudinal clinical and treatment-related information on all patients, was used to obtain the exact date when patients in the ART sample initiated treatment as well as some additional clinical information characterizing patient health status. AMPATH patients typically visit the HIV clinic monthly, and CD4 counts are monitored at intervals of roughly 6 months. 12 The body weight of patients is generally recorded at each visit, and this gives us a more frequently captured measure of patient health. Table 1 summarizes the main demographic characteristics of the two groups of ARTrecipients at the time they were enrolled in the study. Patients enrolled Note. Column 5 shows the p-value from a t-test for equality of means for the ART sample enrolled in rounds 1 and 2. KES 5 Kenya shillings.
in the study in round 2 were significantly more likely to be male and a few years older than patients enrolled in the study in round 1. However, there were no significant differences in their education and in several measures of their households' wealth. The gender differences highlight that proportionally more women enrolled during the early years of the program. Importantly, as we show in table 2, there are no major differences in the health status of patients enrolled in the two different rounds. A noteworthy feature of the study sample that has implications for the period over which we can estimate impacts of ART is the duration of time for which patients in our sample were receiving ART at the time of enrollment in the study. Adult patients enrolled in round 1 were receiving ART for an average duration of 160 days at the time of enrollment (median of 124 days). Similarly, patients enrolled in round 2 were receiving ART for an average of 171 days at the time of enrollment (median of 106 days). There is substantial variation in the duration on ART at the time of study enrollment, which means that in our sample of patients there is variation in the amount of health improvement that patients experience between rounds (as the largest health improvements occurs in the first 3-6 months of ART). It also implies that even though the follow-up rounds 2 and 3 of the survey occurred at 6 and 24 months after the baseline survey, there are some patients who are observed for their first 24 months of ARTwhile there are others who are observed from the end of their first year of ART to the end of their third year of ART. In practice, we are able to estimate 36-month (or 3-year) impacts of ART as a result.
Table 2 also shows that ART recipients enrolled in round 1 had an average CD4 count of 90 cells per cubic millimeter at the time they initiated ART, significantly lower than the recommended guidelines for initiating treatment at 200 cells per cubic millimeter. Patients enrolled in round 2 also had a low CD4 count of 83 cells per cubic millimeter. Given the evidence that later initiation of treatment reduces the efficacy of the medications, it is not surprising that among the ART recipients enrolled in round 1, a total of 26 patients attrite from the sample in the 6 months between rounds 1 and 2 (11%), while 38 patients attrite in the 12 months between rounds 2 and 3 (24% of those remaining in round 2). A total of 64 patients attrite between rounds 1 and 3 (29%). Among the ART recipients enrolled in round 2, there is a similar attrition rate of 24% in the 12 months between rounds 2 and 3. In the analysis below, we present results for a balanced panel in which individuals appear in at least two rounds of the survey. As noted earlier, these attrition rates are consistent with those found in other treatment programs in sub-Saharan Africa. Regrettably, the treatment program we study, like most other treatment programs in resource-poor settings, does not actively monitor the vital status of patients, making it impossible to establish whether those who attrite were deceased, were lost to follow-up, or transferred to another clinic. The implications of this attrition are explored in Section VI.
IV. Estimation Strategy for Patients' Labor Supply Response
Two outcomes that measure an individual's labor supply are the primary focus of the article: an indicator of participation in any economic activities during the past week and the total number of hours worked in the past week. For all patients, the survey recorded this information in each round for three types of activities: wage and salaried jobs, farming on the household's owned or rented land, and nonfarm self-employed work. The main outcomes in the analysis represent an aggregate of labor supply in these three activities. Estimating the effect of health in a reduced-form equation for labor supply is difficult for well-known reasons that are discussed in the literature on health and labor outcomes: bias from omitted variables (such as ability) that are correlated with both wages and health, simultaneity problems that arise from health and income influencing each other contemporaneously, and errors in the common measures of health. Strauss and Thomas (1998) as well as Schultz (1999) provide a careful discussion of many of these challenges. Since we are interested in estimating the effect of ART on labor supply, we overcome these problems by taking advantage of the panel structure of our data and the exogenous health improvement that is known to occur as a result of treatment. We estimate reduced-form equations that measure the response of labor supply to ART.
Specifically, we identify the response to ART by examining changes in the treatment group's labor supply between rounds. Since ART recipients in our sample had been receiving ART for varying durations of time when they were enrolled in the study, we choose a specification in which there are 12 binary indicators of the number of 3-month quarters that a patient had been receiving ART at the time of each interview, as well as one indicator for whether the patient is still 1 quarter away from initiating ART (in our ART sample, most patients either had just begun or had already begun ART at the time of their first interview, but a few had yet to begin receiving ART). More formally, the reduced-form treatment response is identified by estimating individual fixedeffects regressions in which there are quarterly indicators of duration on treatment as well as round and month of interview indicators:
where L it is the labor supply outcome of interest for individual i in time t (rounds 1-3); a i is a fixed effect for individual i that captures the effects of time-invariant variables such as demographic characteristics, schooling, family background, as well as unobservables such as ability and tastes; and ROUND2 t and ROUND3 t indicate whether the observation is from round 2 or round 3, respectively. The round indicators and the 11 month of interview indicator variables together control for monthly fluctuations in labor supply in the entire community.
The key variables of interest in equation (1) are those that indicate whether individual i has been receiving ART for t quarters at the time of an interview (ARTquarter t t ). The estimated coefficients of these variables indicate the change in labor supply relative to the omitted quarter (the first 3 months of ART). We also include one indicator variable, QuarterBeforeART it , for whether an ART recipient is being observed 1 quarter before ART initiation (as there are a small number of patients in our sample for whom this is the case).
Several points about the estimation strategy in this article should be noted. First, the reduced-form empirical strategy described above estimates the treatment effect relative to baseline levels, but because the ART recipients would undoubtedly become much sicker without the medicines, it does not estimate the average treatment effect on the treated. Second, the empirical strategy allows us to pool the data from the ART recipients who enrolled in the study in round 1 as well as those who were enrolled in round 2. Nonetheless, we also verify that our findings are not being driven by any one of these two groups of ARTrecipients, as we separately estimate the fixed-effects regressions for the sample of ART recipients who were enrolled in round 1 (results are not reported in the article but are available on request). Finally, the individual fixed effects in all of the equations estimated will allow for ART recipients to have different levels of labor supply than other adults in the sample. While timevarying factors such as seasonality are dealt with using the time indicators, the key assumption in identifying the treatment response is that ARTrecipients in the sample do not have characteristics that influence the change in labor supply in response to changes in time on treatment.
V. Results for Adult Patients' Labor Supply Response
We restrict the analysis of labor supply to ARTrecipients between the ages of 18 and 65 who appear in at least two rounds of the survey.
13 Table 3 presents summary statistics for the labor supply outcomes in each of the three rounds for both groups of ART recipients.
14 In the first round, 72% of ART recipients reported having worked in the past week. In the second round, however, these ART recipients-who had been on 6 additional months of ART and had significantly higher CD4 counts by then-had labor force participation rates that were considerably higher, at 86%. A further increase in the labor force participation rate is evident in the third round of the survey (92%). For the ART recipients who were enrolled in the second round of the survey-when they were still in the early stages of ART-labor supply is low to begin with (84%) but considerably higher 12 months later in round 3, at 93%.
15
It is worth noting that the data in table 3 represent average labor supply among treated patients who had been receiving ART for different durations of time at the time of each interview, and as a result, the average figures mask substantial variation within the sample that may be directly related to the amount of time that patients had been receiving treatment. The regression results that we present next provide a clearer indication of the temporal relationship between duration of time on ART and labor supply. Table 4 reports results from estimating equation (1). As column 1 shows, we find that ART led to a large and statistically significant increase in labor supply after 2 quarters of treatment, and this higher level of labor supply persists through the first 3 years of treatment. Consistent with the health and employ- 13 Adults who move into the household between rounds are thus excluded, as are adults who move out permanently. A small number of observations are dropped because the respondent did not know how many hours a specific household member worked in the past week. The role of attrition due to mortality is discussed in Sec. VI. 14 Household members of the ART recipients are not included in any of this analysis. 15 It is important to keep in mind when comparing data between rounds that the round 2 and round 3 interviews were conducted during the annual harvest season while round 1 included several months during which agricultural activities generally reach a nadir. ment decline that others have documented in the months leading up to an AIDS diagnosis, we find that relative to the time of ART initiation, labor supply is higher 1 quarter before ART initiation (but the difference is not statistically significant). The small sample size of patients who are observed before ART initiation, however, limits our ability to document any decline in labor supply that may have occurred during the pre-ART period. In the first quarter after ART initiation, table 4 shows that there was no significant change in labor force participation relative to the time that patients began ART. However, after 2 quarters of treatment, adults receiving ART were 17.2 percentage points more likely to participate in the labor force relative to participation levels at ART initiation, an increase that is statistically significant. As the above discussion of equation (1) indicates, these changes are observed after controlling for time trends that apply to all ART recipients. In subsequent quarters, we find that labor supply remains significantly higher than at the time of ART initiation. After 1, 2, and 3 years of ART, the estimated increases in labor force participation rates are 13.8, 38.4, and 29.2 percentage points higher than ART initiation levels, respectively. Column 2 of table 4 indicates that hours worked in the past week also increase significantly in the early stages of treatment. The posttreatment levels of labor supply remain significantly above the baseline levels, as weekly hours worked are 10-18 hours higher during the second and third years of ART. Relative to the number of hours that patients report having worked at the time of treatment initiation (16.6 hours per week), these increases are substantial. We also performed F-tests for the hypothesis that all post-ART quarterly indicators are zero. For both employment outcomes the hypothesis was rejected, confirming that these are indeed significant increases in employment outcomes following the initiation of ART. Note. Standard errors are clustered at the household level for each round and reported in parentheses. The dependent variable "Economically Active in Past Week" indicates whether the individual was engaged in specific labor market activity (wage, farm, or business) in the past week and "Total Hours Worked in Past Week" is the total number of hours devoted to labor market activities in the past week. Regressions include individual fixed effects, round 2 and 3 indicators, and month of interview indicator variables. * Significant at 10%. ** Significant at 5%. *** Significant at 1%.
An important pattern in our results is that the bulk of the labor supply impact of ART occurs early on, during the first year of treatment. During the second and third years of ART, there are relatively small additional increases in labor force participation rates and weekly hours worked. Nonetheless, it is noteworthy that the levels of labor force participation during the second and third years are still substantially (and significantly) higher than at the time when ARTwas initiated. Figures 1 and 2 plot the estimated coefficients of quarterly intervals since ART initiation, with 95% confidence intervals for each of the quarterly treatment effects. As can be seen in the figures, while there tend to be continued increases in labor supply through the first 12 quarters of ART, the largest increases typically occur during the first 4 quarters after treatment initiation.
Clearly identifying the underlying mechanisms due to which the employment responses occur is challenging, but the large and substantial rebound in health status due to ART is presumably an important mechanism. Figure 3 shows the coefficients of a regression that is similar to equation (1) but has body weight (in kilograms) as the dependent variable. Body weight is an important indicator of health status for patients who have AIDS, as wasting is one of the main symptoms of AIDS, and it has also been used as a way to assess the effect of treatment on a patient's health (Wools-Kaloustian et al. 2006) . Figure 3 shows a large and significant increase in body weight soon after treatment initiation, followed by smaller increases beyond the first year of ART. That the timing of these labor impacts mirrors the health impacts of ART so closely pro- Figure 1 . Impact of ART on the probability of being economically active. The figure displays coefficients from an individual fixed-effects regression that indicates average estimated changes in the probability of being economically active, relative to the first quarter of ART initiation (represented by 0 quarters). The regression includes individual fixed effects, round 2 and 3 indicators, and month of interview indicator variables. Dotted lines represent the 95% confidence intervals.
vides strong suggestive evidence that health is one of the primary mechanisms through which these labor impacts operate.
VI. Factors Associated with Attrition and Implications for Labor
Supply Impacts As discussed earlier, in the absence of treatment, patients with AIDS will not generally live beyond the next 6-12 months. In this sense, the estimated labor supply responses are likely to be underestimates of the impact of treatment on the treated. However, an opposing issue is that the attrition of ART recipients from our sample (particularly in round 3) implies that the results presented so far are not generalizable to the entire population of patients who initiate ART. Attrition of patients from our sample can occur for a number of reasons, including death but also loss to follow-up due to discontinuation of care, transfer to an HIV clinic that is closer to the patient's home (over time, the number of ART centers in Kenya rose substantially), or migration due to employment. Indeed low rates of retention in care have been identified by many others as an important concern when it comes to assessing the scale-up of ART programs in Africa (Rosen et al. 2007 ). In our study, we do not have detailed information on the reasons for attrition of each patient since the HIV clinic was underequipped to have active outreach for each patient who was not seen at the clinic for a prolonged period of time. However, of particular relevance for our analysis is that late presentation to care has previously been associated with low response to treatment and high mortality rates (Sabin et al. 2004; Badri, Lawn, and Wood 2006) and may thus be driving much of our sample attrition. While it is challenging to find exogenous variables that can predict attrition in our study, we undertake two different analyses that provide a better understanding of attrition in this setting. Specifically, we first identify major factors that are associated with attrition in the sample of ARTrecipients in our study. This may help identify potential selection biases in who remains on treatment and also inform us about subgroups to whom the results are most applicable. A key finding here will be the significance of health at the time of the baseline survey. Second, to examine whether attrition is happening in other ways that would be a concern for the estimation of the long-term impacts of ART, we pool all the observations from the longitudinal survey and regress several characteristics of patients (such as gender, education, wealth, and household structure) on indicators of the duration of time on ART. Table 5 reports results of examining the predictors of attrition in our sample. While it would be ideal to use each patient's CD4 count at the time of enrollment in the study (and at the time of ART initiation), this outcome is not measured very frequently. An alternative outcome that is strongly associated with the likelihood of treatment success is the body weight of a patient, as it is a clear indicator of wasting-a symptom of advanced HIV infection. This is measured at each clinic visit and is therefore available from a large number of patients in our study. 16 Column 1 of table 5 shows that body weight at the time of the base-line survey (either round 1 or round 2, depending on when the patient was enrolled in our study) is strongly associated with whether or not the patient attrited from our sample by the third and final wave of the survey. An increase of 1 kilogram in body weight at the time of study enrollment is associated with a decrease of 0.7 percentage points in the probability of attrition. Given the evidence that it is the very sick patients who are least likely to benefit from ART, it is not surprising in column 2 of table 5 that patients whose baseline weights are in the lowest quartile (less than 48.75 kilograms) are 25.7 percentage points more likely to not be retained in our sample. Finally, column 3 of table 5 shows that those in the lowest decile of baseline body weight have a similar risk of not being retained. Other characteristics associated with patient retention are gender (women attrite) and age (older patients attrite less). It is notable that even though male patients have significantly lower body weight at the time of study enrollment, the gender effect is significant even after controlling for baseline body weight. Note. Standard errors are reported in parentheses. The dependent variable "Attrition from Panel" indicates whether the ART recipient was not interviewed in the third and final wave of the survey. * Significant at 10%. ** Significant at 5%. *** Significant at 1%.
An important note regarding the results in table 5 is that the body weights and CD4 counts of patients enrolling in ART programs across Africa have risen significantly in the years following our study as a result of the large expansions in testing and treatment programs across the continent. Thus, while the core labor supply impacts estimated in this article may not be applicable to patients initiating ARTwith low CD4 counts and body weights, they may well provide an accurate picture of the impacts of treatment programs as they exist today.
We also pursue an empirical strategy in which we examine whether patients with certain characteristics are significantly more or less likely to be observed during various durations of treatment. This has implications for the generalizability of the longer-term estimates of treatment that were presented in Section V. Specifically, we estimate regressions in which several characteristics of patients (gender, education, wealth, and household structure as measured by whether or not the household head is single) are regressed on quarterly indicators of the duration of time on ART, as well as the round 2, round 3, and month of interview indicators. The results of this regression are reported in table 6. With the exception of gender, we find that the length of treatment indicators is not jointly significant. For gender, more women are observed in the sample during the latter periods of treatment duration. The reason is presumably that in the clinic where our study was conducted (as in many ART programs that were operating at the time), a substantial majority of patients seeking HIV care were women. Women generally have greater access to HIV testing via antenatal services and also tended to seek care after their husband had died. Over time, as more men got tested and sought care, the clinic population contained larger numbers of men. As a result of these patterns, the greater numbers of women being observed during the later stages of treatment appear to reflect the fact that they tended to initiate treatment earlier.
VII. Conclusion
This article provides new evidence on how ARTaffects the labor supply of adult patients and their household members over a long-term period of 3 years. Using longitudinal data from our household survey, we find that patients have significantly higher labor supply within 6 months after the initiation of treatment and that these increases are sustained through a period of up to 36 months. The magnitudes of the increases in labor supply are striking, as they represent nearly a doubling in the number of hours worked from the time of treatment initiation. The pattern of labor supply results very closely matches the pattern of health improvements associated with ART. Importantly, these results suggest that with treatment, the labor supply of AIDS patients can recover quickly and be sustained at higher levels for a considerable duration of time.
Importantly, the longer-term microeconomic benefits of ARTreported here complement recent results that the risk of secondary transmission of HIV can be greatly reduced if infected persons receive ART during the early stages of HIV infection (Cohen et al. 2011) . The latter results point to the use of ART as a prevention tool and have provided an impetus for the test-and-treat strat- egy recommended by Granich et al. (2009) -a strategy that calls for more widespread HIV testing and earlier initiation of ART. These varied benefits of ART can go some way toward a comprehensive cost-benefit assessment of treatment programs. However, the issue of retaining patients in care remains an important concern and one that has been expressed elsewhere (Rosen et al. 2007) . Low rates of retention would mean that the overall prevention benefits of ART will be diminished and the labor supply benefits reported here may not apply. In our study, men were significantly more likely to attrite during the study period, as were those who initiated treatment at late stages (with low CD4 counts).
There is thus a vital role for interventions to promote medication adherence and increase outreach to men receiving ART. With early diagnosis of HIV infection and entry into HIV care, as well as better patient retention, the labor supply gains reported here could translate into larger and longer-lasting economic benefits. Consistent with the findings of a larger literature that has studied the link between health and economic outcomes, the results in the present context of HIV/AIDS provide further evidence of the large private benefits that stem from health interventions such as ART. Indeed, the labor supply response we have estimated can be used to calculate a back-of-the-envelope estimate of the value of these private benefits. Median daily wage rates for all adults doing casual wage labor in our sample are 100 Kenya shillings, or about $1.50. Since this daily wage is associated with 6 hours of work, the hourly wage is about 17 Kenya shillings, or $0.25. On the basis of the average increase in weekly hours worked in years 2 and 3 after treatment initiation (table 4), approximately 14 hours per week, this translates into an average wage benefit to patients of $175 per year (assuming individuals work 50 weeks per year). It is worth noting, however, that this estimate is based on the labor supply impact relative to labor supply at the time of ART initiation, while a true counterfactual would require a comparison to labor outcomes for those untreated. If we assume that untreated patients would have zero labor supply, the average increase in weekly hours worked would be nearly 31 hours. 17 In this case the average wage benefit to patients from treatment is approximately $388 per year, a number that exceeds the annual cost of most generic first-line ART regimens and matches the annual per-patient value of medication costs combined with other treatment delivery costs and other treatment program expenses (Campaign for Access to Essential Medicines 2011).
